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VECTOR AND METHOD OF USE FOR NUCLEIC ACID 
DELIVERY TO NON^IVIDING CELLS 

This invention was made wiih Government support from grant no, ROI A13751 0 and 
CA 44360 awarded by the National Institutes of Health; The Government has certain 
5 rights m the invention. 

Field of the Invention 

The present invention relates generally to the field of viral vectors and specifically to 
a novel recombinant retrovirus useful for the transfer and expression of nudek: acid 
sequences in noivdrviding ceSs. 

10 Background of the Invention 

The development of genetic vectors has heralded the fast-growing field of somatic 
gene transfer. Vectors based on simple retroviruses, such as the Moloney Leukemia 
Virus (fc/lLV) , are often selected because they efficiently "integrate into the genome of 
the target cell. Integration is thought to be a prerequisite for long-term expression of 
15 the transduced gene. However, currently available retroviral vectors can only 
integrate in actively dividing cefc which severely timfts their use far in vivo gene 
transfer. Norvdrvkftng celts are the predominant, long-lived cell type in the body, and 
account for most desirable targets of gene transfer, including Sver, musde, and brain. 
Even protocols attempting the transduction of hematopoietic stem cells require 
20 demanding ex vfvo procedures for triggering ceH division m these cells prior to 
infection 

In the early steps of infection, retroviruses deliver their nucleoprotein core into the 
cytoplasm of the target eel Here, reverse transcription of the viral genome takes 
place white the core matures into a preintegrafon complex The complex must reach 
25 the nucleus to achieve integration erf the viral DNA into the host ceH chromosomes. 
For simple retroviruses (oncoretrovinjses), this step requires the dissolution of the 
nuclear membrane at mitotic prophase, most likely because the bulky see of the 
preintegratkm complex prevents its passive diffusion through the nuclear pores. 

White retroviral vectors ere useful for many kinds of in vitro gene transfer studies. 
30 problems including low titers limits their use for some in vitro and most in vwo studies. 
Further, another probtem is that Integration of retroviral vectors into the host genome 
was thfMfcnht +n r*£*ri<*ed to o=tlls underooino DMA reofcation. Thus, although 
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retrwiral vectors capable of infecting a broad class of cell types are known, ceB 
division is necessary for the pro viral integration of these vectors. This effectively 
restricts tfte efficient use of retrovirus vectors to replicating celts. Thus, retroviruses 
have not been utilized to introduce genes into non-divkSng or postmitotic cells. 

s A possible way around this obstacte was suggested by recent studies of the 
pathogenesis of tentiviral diseases. Lentiviroses are complex retroviruses, vrttieh, in 
addition to the common retroviral genes gag, pol, and env, contain other genes with 
regulatory or structural function. The higher complexity enables the virus to modulate 
its Bfe cycle, as in the course of blent infection. A typed lentivtrus is the Human 

10 lanrnmodeficiency Vims (HIV), the etiologic agent of AIDS, in vrvo t HIV can infect 
macrophages which am terminally differentiated cells that rarely divide, in vflro, HIV 
can infect primary cultures of monocyte-derived macrophages (MDM). and HeLa-Cd4 
or T lymphoid cells arrested m the celt cycte by treatment with aphuSccriin or y 
irradiation. Infection of these ceBs is deperKient on the aefwenudear import of 

15 prernteg ration complexes through the nuclear pores of the target cells. This occurs 
by the interaction of multiple, partly redundant, molecular determinants in the complex 
with the nuclear import machinery of the target celL Identified determinants include 
a functional nuclear localization signal (NLS) in the gag MA protein, the karyophific 
viriorvasscoated protein vpr, and a Oterminal phosphotyrosine residue in a subset 

20 of the gag MA protein. 

5 tmunarv of the Invention 

The present invention provides a recombinant retrovirus that infects nan-dividing host 
cells and transfers nuclei acid sequences which can then be expressed in the host 
cell. Thus, the present invention soWes a long-feft need for a means of delivery of 
25 nucleic acid sequences to non-dividing celts. 

In a first embodiment the invention provides a recombinant retrovirus capable of 
infecting a non-dividing ceil comprising a viral GAG, a vtrat POL, a viral ENV, a 
heterologous nucleic aad sequence operabty finked to a regulatory nudeic add 
sequence, and ois-scting nudeic add sequences necessary for reverse transcription 
30 and integration . The recombinant retrovirus of the invention is preferably a tentivirus. 

In another embodiment, the invention provides a method of producing a recombinant 
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host cell with the following: a vector providing a nucleic acid encoding a viral gag and 
a viral po), a vec^prwkfingamciricaod encoding a viral eny, a vector providing 
a nucleic acid sequence encoding a packaging signal flanked by cSs-acting nuctec 
acid sequences for reverse transcription and integration, and providing a doning site 
5 for introduclion.of a heterologous nucleic add sequence, operabry linked to a regul- 
atory nudetc add sequence, aid recovering the recombinant virus. 

In yet another embodiment, the invention provides a method for introduction and 
expression of a heterologous nudeic add sequence in a non-dividing cell comprising 
infecting the non-tfividing cefl with toe recombinant virus of the invention and 
10 expressing the heterologous nucleic add sequence in the non-dividing cefi. 

BriefJtescrip tiftti of the Drawings 

Figure 1 is a schematic illustration of the method for production of an HTV-based 
recombinant-retrovirus. 

Figure 2 is a table of the titer of infectious virus partides using a VSV.G env, LacZ 
15 reporter gene and a packaging construct having an HIV (pCMVDRB) or MLV gag/pol 
before and after concentration (= - yield"). 

Figure 3 is a table of titers of recombinant virus after co-transfection of 293T cells 
(fibroblast packaging ceil line) with HIV-based and MLV-based packaging construc±s. 

Figure A is a graph of the efficiency of transduction of HIV and MLV-based CMV-{J- 
20 gatectosidase vectors into growing HeLa cells, cells arrested at the G1/S interphase 
by aphtd'rcotin. and cells arrested at G2 by x-rays. 

Figure S is a graph of the efficiency of transduction of HIV and MLV CMV-luctferase 
vectors into rat 208F fibroblasts in 60 after 4. 7, 1 1 , and 15 days. 

Figure 6 is a graph of the effidency of transduction of HIV and MLV CMV-ludfisraae 
25 vectors into human primary macrophages. 

Figure 7 is a graph of survival of HIV- and MLV-based vector in cells arrested for 3 
weeks, inoculated with the vectors, and induced to divide at indicated times after 
infection. 
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Description of the Preferred Embodiments 

The present invention provides a recombinant retrovirus capable of infecting non- 
divlcfing celts. The virus is useful for the in vfvo and ex vivo transfer and expression 
of genes nucleic acid sequences (e.g., in non-dividing cells). 

5 Retroviruses are RNA viruses wherein the viral genome is RNA. When a host cell is 
infected with a retrovirus, the genomic RNA is reverse transcribed into a DMA 
intermediate which is integrated vejy efficiently into the chromosomal DNA of infected 
cells. This integrated DNA intermediate is referred to ssa proving. Transcription Of 
the pro vims and assembly into infectious virus occurs tn the presence of an 

10 appropriate helper vims or in a cell line containing appropriate sequences enabling 
encapsidation without coincident production of a contaminating helper virus. As 
described below, a helper virus is not required far the production of frie recombinant 
retrovirus of the present invention, since the sequences for encapsidation are 
provided by co-transf eriion with appropriate vectors. 

15 The retroviral genome and the proviral DNA have three genes: the gag, the po/» and 
the env, which are flanked by two long terminal repeat {LTR) sequences. The gag 
gene encodes the internal structural (matrix, capsid, and nudeocapsid) proteins; the 
pel gene encodes the RNA-direcfced DNA polymerase (reverse transcriptase) and the 
env gene encodes viral envelope glycoproteins. The 5' and 3* LTRs serve to promote 

20 transcription and pcriyadenyiaticn of the virion RNAs, The LTR contains aH other ex- 
acting sequences necessary for viral replication. Lentivimses have additional genes 
including vif, vpr, tat rev, vpu, nef, and vp* (in HtV-1, and/or SIV). 

Adjacent to the ? LTR are sequences necessary for reverse transcription of the 
25 genome (the tRNA primer binding site) and for efficient encapsidation of viral RNA 
into particies (the si site) If the sequences necessary for encapsidation (or 
packaging of retrovirus! RNA into infectious virions) are missing from the viral 
genome, the result is a cfe defeci which prevents encapsidation of genomic RNA. 
However, the resulting mutant is stiP capable of directing the syntttesls of all virion 
30 proteins. 

In a first embodiment, the invention provides a recombinant retrovirus capable of 
infecting a non-dividing cell. The recombinant retrovirus comprises a viral GAG, a viral 
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regulatory nucleic acid sequence, and cis-acting nudeic acid sequences necessary 
for packaging, reverse transcription and integration, as described above. It should be 
understood ihat the recombinant retrovirus of the invention is capable of infecting 
dividing ceils as weiJ as non-dividing cells. 

The recombinant retrovirus of the invenfion e therefore genetically modified in such 
a way that some of me structural, infectious genes of the native virus have been 
removed and replaced instead with a nucleic add sequence to be delivered to a 
target non-dividing ceil. After infection of a cell by the virus, the virus injects its 
nucleic acid into the ceil 3 nd the retrovirus genetic material can integrate into the host 
q cell genome. The transferred retrovirus genetic material is then transcribed and 
translated into proteins within the host ceil. 

The invention provides a method of producing a recombinant retrovirus capable of 
infecting a ix>n-rirvirfing cell comprising transacting a suitable host ceil with the 
following: a vector providing a nucleic acid encoding a viral gag and a viral pol; a 

15 vector providing a nucleic add encoding a viral env, a vector providing* nucleic add 
sequence encoding a packaging signal flanked by ris-acting nucleic add sequences 
for reverse transcription and integration, and providing a doning die for introduction 
of a heterologous gene, operably linked to a regulatory nudeic aad sequence, and 
recovering the recombinant virus. An illustration of the individual vectors used in the 

20 method of the invention is shown in FIGURE 1. 

The method of the invention includes the combination of a minimum of three vectors 
in order to produce a recombinant virion or recombinant retrovirus. A first vector 
provides a nudeic add encoding a viral gag and a viral pol. (see the illustrative 
Packaging Construct FIGURE 1) These sequences encode a group specific anti^n 
25 and reverse transcriptase, (and integrase and protease-enzymes necessary for 
maturation and reverse transcription), respedively, as discussed above. Most 
preferably, the viral gag and pol are derived from a lenthnrus, and most preferably 
from HIV. 

A second vector provides a nudeic add encoding a viral envelope (env). The env 
30 gene can be derived from any virus, induding retroviruses. The env may be 
amphotropic envelope proton which allows transduction of cells of human and other 
species, or may be ecotropic envelope protein, which is able to transduce only mouse 
and Tat ceHs, Further, n may be desirable to target the recombinant virus by linkage 
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of the envelope protein with an antibody or a particular ligand for targeting to a 
receptor of a particular cell-type. By inserting a sequence (induing regulatory 
region) of interest into the viral vector, along with another gene which encodes the 
ligand lor a receptor on a specific target cell, for example, the vector is now target 
5 specific Retroviral vectors can be made target specific by inserting, for example, a 
glycofipkt, or a protein. Targeting is often accomplished by using an antibody to 
target the retroviral vector. Those of skill in the art wfll know of, or can readily 
ascertain without undue experimentation, specific methods to achieve delivery of a 
retroviral vector to a specific target 

10 Examples of reiroviraWerived env genes include, but are not limited to: Moloney 
murine leukemia virus (MoMuLV), Harvey murine sarcoma virus (HaMuSV). murin 
mammary tumor virus (MuMTV). gibbon ape leukemia virus (GaLV), human 
immunodeficiency virus (HIV) and Rous Sarcoma Virus (RSV). Other env genes such 
as Vesicular stomatitis virus CVSV) (Protein G) can also be used. 

15 The vector providing the viral env nucleic acid sequence is operabry associated with 
regulatory sequence, e.g., a promoter or enhancer, (see Pseudotyping ENV plasmid, 
FIGURE 1) Preferably, the regulatory sequence is a viral promoter The regulatory 
sequence can be any eukaryotic promoter or enhancer, tnduding for example, the 
Moloney murine leukemia vims pTomoter-enhancer element, the human 

20 cytomegalovirus enhancer (as used in the illustrative example), or the vaccinia P7.5 
promoter. In some cases, such as the Moloney murine leukemia virus promoter- 
enhancer element these promoter-enhancer elements are located within or adjacent 
to the LTR sequences. 

AihW vectorprovidfis the 
25 Such sequences include the ip packaging sequence, reverse transcription signals,, 
integration signals, viral promoter, enhancer, and polyadenylation sequences. The 
third vector also contains a cloning site for a heterologous nucleic add sequence to 
be. transferred to a ncn-dividir^g ceL A schematic illustration of a sajSable vector is 
Showa.irv FK3LRET), 

30 Since recombinant retroviruses produced by standard methods in the art are 
defective* they require assistance in order to produce infectious vector particles. 
Typically, this assistance is provided, for example* by using a helper cell line that 
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sequence which enables the packaging mechanism to recognte an RN A transcript 
for emapsidation. Helper cell lines which have deletions cf the packaging signal 
include but are not limited to m, PA317 and PA12, for example. Suitable cell lines 
produce empty virions, since no genome is packaged. If a retroviral vector is 
5 introduced into such cells in which the packaging signal is intact but the structural 
genes are replaced by other genes of interest, rhevec±xcanDep«ctegedand\fector 
virion produced. 

The method of producing the recombinant retrovirus of the invention is different than 
the standard helper virus/packaging cett fine method described above. The three or 
10 more indivkiual vectors 

contain all of the required genes for production of a recombinant virus for infection 
and transfer of nucleic acid to a non-dividing celL Consequently, there is no need for 
a helper virus. 

The heterologous nucleic acid sequence is operaWy linked to a regulatory nucleic 
1 5 acid sequence. As used herein, the term "heterologous" nudeic add sequence refers 
to a sequence that originates from a foreign species, or, if from the same species, it 
may be substantially modified from its original form. Alternatively, an unchanged 
nucleic acid sequence that is not normally expressed in a cell is a heterologous 
nucleic add sequence. The term "operabry linked" refers to functional linkage 
20 between the regulatory sequence and the heterologous nucleic acid sequence. 
Preferably, the heterologous sequence is linked to a promoter, resulting in a chimeric 
gene. The heterologous nucleic add sequence is preferably under control of ether 
the viral LTR promoter-enhancer signals or of an internal prornoter, and retained 
signals within the reirovirual LTR can sun bring about efficient integration of the vector 
25 into the host cefl g enom e. 

The promoter sequence may be homologous or heterologous to the desired gene 
sequence. A wide range of promoters may be utilized, including viral or mammalian 
promoter. Ceil or tissue specific promoters can be uffized to target expression of 
gene sequences in specific cell populations. Suitable mammalian and vial promoters 
30 for the present invention are available in the art 

Preferably during the cloning stage, the nucleic acid construct referred to as the 
transfer vector, having the packaging signal and the heterologous cloning site, ateo 

l_- ..nrtn \*z3ri,ar norww wo ntilbwl tf> aSKiV for the 
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pmsence of the vector, and thus, to confirm infection and integration. The presence 
of this marker gene ensures the growth of only those tost cefls which express the 
inserts. Typ«d selection genes encode proteins that confer resistance to antibiotics 
and other toxic substances, e.g., histfefinol, purcmydn, hygromyc&v neomydn, 
5 methotrexate, etc The fflustrative examptes herein ufifee the p-gatectosidase (LacZ) 
or hxaferase reporter or mater system. 

The recombinant virus of the invention is capable of transferring a nucleic add 
sequence irtfo a non-dividing cell. The term nucleic add sequence refers to any 

0 nudeic add molecule, preferably DNA_ The nucleic acid molecule may be derived 

from a variety of sources, indudwg DNA, cDNA, synthetic DNA. RNA. or 
combinations thereof. Such nucleic add sequences may comprise genomic DNA 
which may or may not include naturally occumng introns. Moreover, such genomic 
DNA may be obtained in association with promoter regions* introns, or poty A 

15 sequences. Genomic DNA may be extracted and purified from suitable cete by 
means well known in the art Alternatively, messenger RNA (mRNA) can be isolated 
from cells and used to produce cDNA by reverse transcription or other means. 

The phrase *non-dividing" cell refers to a cell that does not go through mitosis. Non- 
dividing cells may be blocked at any pant in the cell cycle, (e.g., G(/G v G^. Gj/Wl), 

20 as long as the cell is not actively dividing. For ex vfvo infection, a dividing cell can be 
treated to block cell division by standard techniques used by those of skiU in the art, 
inducting, irradiation. aphidocoTm treatment serum starvation, and contact inhibition. 
However, it should be understood that ex vivo infection is often performed without 
blocking the ceils since many ceBs ane already arrested (e.g., stem cells). The 

25 recombinant retrovirus vector of the invention is capable of infecting any non-d'rvicftig 
ceB, regardless of the mechanism used to block cell division or the point inihe cell 
cycle at which the cell is blocked. Examples of preexisting rnxMJrvfcBng cells in the 
body tndude neuronal, muscle, fiver, skin, heart, lung, and bone marrow cells, and 
their derivatives. 

30 Preferably, the recombinant retrovirus produced by the method of the invention is 
teniMrus-denved, and more preferably the recombinant lentivtrus is a derivative of 
human tmmunodefidency virus (HIV). For public policy reasons, typically when the 
retrovirus Is HIV, the env will be derived from a virus other than HIV. 



The method of the invention provides at least three vectors which provfcte all of the 
functions required for packaging of recombinant virions as discussed above. The 
method also envisions transfection of vectors including viral genes such as vpr t viff , 
nef, vpx, tat, rev. and vpu. Some or all of these genes can be included on the 
packaging construct vector, for example, or. alternatively, they may reside on 
individual vectors. There is no Bmibition to the number of vectors which sre utSzed, 
as long as they are co-transfected to the packaging cell fine in order to produce a 
single recombinant retrovirus. For example, one coukj put the env nucleic acid 
sequence on the same construct as the gag and pot. 

The vectors are introduced via transaction or infection into the packaging celt Fine. 
The packaging cell tfne produces viral particles that contain the vector genome. 
Methods tor transfection or infection are well known by those o[ sWH In the art. After 
co4ransfecfon of the at least three vectors to the packaging cell tne, the recombinant 
virus is recovered from the culture media and thered by standard methods used by 
those of skill in the art 

In another embodiment, the invention provides a recombinant retrovirus produced by 
the method of the invention as described above. 

The invention also provides a recombinant retrovirus capable of infecting a non- 
dividing ceB comprising a viral GAG; a viral POL; a viral ENV; a heterologous nudetc 
sod sequence operably linked to a regulatory nucleic acid sequence; and cis-ecfing 
nucleic acid sequences necessary for packaging, reverse transcription and 
integration. The recombinant retrovirus is preferably a lenti virus, and most preferably 
HIV, As described above for the method of producing a recombinant retrovirus above, 
the recombinant retrovirus of the invention may further include at least one of VPR, 
VIF, NEF, VPX, TAT, REV. and VPU protein. While not wanting to be bound by a 
particular theory, It is believed that one or more of these genes/protein products are 
important for increasing the viral titer of the recombinant retrovirus produced (e.g M 
NEF) or may be necessary for infection and packaging of virions, depending on the 
packaging cell fine chosen (eg., VIF). 

The invention also provides a method of nuctetc acid transfer to a nonKfividingcellto 
provide expression of a particular nudeic acid sequence. Therefore, in another 
embodiment, the invention provides a method for introduction and expression of a 

hf?fftmioonit?: nurtpir: arid Ri&ouenefi in a norvdividina cell COmDtisinQ infe&ina the 
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norvdwiding cell with the recombinant virus of the invention and expressing the 
heterologous nucleic acid sequence in the non-dividing cett. 

It may be desirable to modulate the expression of a gene regulating .molecule in a cell 
by the introduction of a molecule by the method of the invention. The term "modulate" 

5 envisions the suppression of expression of a gene when it is over-expressed, or 
augmentation of expression when it is under-expressed. Where a cell proliferative 
disorder is associated with the expression of a gene, nucleic acid sequences that 
interfere with the gene's expression at the transnational level can be used. This 
approach utilizes, for example, antisense nucleic actd, nbozymes, or triplex agents to 

10 block transcription or translation of a specific mRNA. either by masking that mRNA 
with an antisense nucteic acid or triplex agent, or by cleaving it with a riboryme. 

Antisense nucteic^adds are DNA or RNA moleaites that are complementary to at 
least a portion of a specific mRNA molecule (Weintraub. Scientific American, 2S2'-4C, 
1SS0). In the cell the antisense nucteic adds hybridize to the corresponding mRNA, 

15 forming a double-stranded molecule. The antisense nucleic adds interfere with the 
translation of the mRNA, since the cell will not translate a mRNA that is double- 
stranded. Antisense oligomers of about 15 nucleotides are preferred, since they are 
easily synthesized and are less likely to cause problems than larger molecules when 
introduced into the target ceth The use of antisense methods to inhibit the in vitro 

20 translation of genes is well known in the art (Marcus-Sakura, Anal.Btoch&rL, 122^89, 
1988). 

The antisense nucteic add can be used to block expression of a mutant protein or a 
dominanrjy active gene product, such as amyloid precursor protein that accumulates 
in Alzheimer's disease Such methods are also useful for the treatment of 
25 Huntington's disease, hereditary Parkinsonism, and other diseases. Antisense nucteic 
acids are also useftjl for the inhibition of expression of proteins assodated with 
toxic&y. 

Use of an oligonucleotide to staH transcription is known as the triplex strategy since 
30 the oligomer winds around double-helical DNA, forming a three-strand hefix. 
Therefore, these triplex compounds can be designed to recognize a unique site on 
a chosen gene (Maher, et at, Antisense Res. and Dev., l(3):22?. 1991: Helene, C. f 
Anticancer Drug Design, 6(61: 569. 1991). 
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Ribozymes are RNA molecules possessing the abMty to specifically cteave other 
singte-stranded RNA in a manner analogous to DMA. restriction endonudeases. 
Through the modification of nucleotide sequences which encode these RNAs, ft is 
possible to engineer molecules that recognize specific nucleotide sequences In an 
RNA motecuie and cteave it (Cech, JJ\mer~Med. Assn.^fiQ:3030, 1988). A major 
advantage of this appi^ 
with particular sequences are inacfivated. 

it may be desirable to transfer a nucleic acid encoding a biological response modifier. 
Included in this category are immunopotentiatog agents including nucleic acids 
encoding a number of the cytokines classified as "inlerteuktos". These include, for 
example, interteukins 1 through 12. Also inducted in this category, although not 
necessarily working according to the same mechanisms, ane interferons, and in 
particular gamma interferon (Y-1FN), tumor necrosis factor (TNF) and granulocyte- 
macropha^-colony stimulating factor (GM-CSF). It may be desirable to deftver such 
nucleic acids to bone marrow cells or macrophages to treat enzymatic deficiencies 
or immune defects. Nucleic acids encoding growth factors, toxic peptides, Hgands, 
receptors, or other physiologically important proteins can also be introduced into 
specific non-dividing eels, 

The recombinant retrovirus of the invention can be used to treat an HIV infected cell 
<e.g.. T-ceU or macrophage) with an antt-HIV molecule. In addition, respiratory 
epithelium, for example, can be infected with a recombinant reirov^ 
having a gene for cystic fibrosis transmembrane conductance regulator (CFTR) lor 
treatment of cystic fibrosis. 

The method of the invention may also be useful for neuronal or g&at ceH 
25 transportation, or "yaft i ng", which involves transplantation of cells infected with the 
recombinant retrovirus of the invention ex vwo, or infection in vivo into the central 
nervous system or into the ventricular cavities or subdurally onto the surface of a host 
brain. Such methods for grafting will be known to those skilled in the art and are 
described in Neural Grafting in the Mammalian CNS % BjorWund and Steftevi, eds., 
so (1985), incorporated by reference herein. Procedures include intraparenchymal 
transplantation. (/.e. f within the host brain) achieved by injection or deposition of 
tissue within the host bran so as to be apposed to the brain parenchyma at the time 
of transplantation. 
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Administration of the cells or virus into selected regions of the recipient subjects brain 
may be made by drilling a hole and piercing the dura to pennft tftfe n eedle of a 
microsyringe to be inserted. The ceBs or recombinant retrovirus can alternatively be 
injected intrathecal^ into the spinal cord region* A eel! preparation infected ex vwo. 
5 or the recombinant retrovirus of the invention, permits grafting of neuronal cete to any 
predetermined site in the-brain or spinal cord, and allows multiple grafting 
simultaneously in several different sites using the same cell suspension or viral 
suspension and permits mixtures of ceils from different anatomical regions, 

Cete infected wfth a recombinant re&ovirus of the invention, m vAno, or ex wo, used 

to Tor treatment of a neuronal disorder for example, may optkmafcy contain an 
exogenous gene, for example, a gene which encodes a receptor or a gene which 
encodes a ligand. Such receptors indude receptors which respond to dopamine. 
GABA. adrenaline, noradrenaline, serotonin, glutamate, acetylcholine and other 
neuropeptides, as described above. Examples of Ogands which may provide a 

15 therapeutic effect in a neuronal disorder include dopamine, adrenaline, noradrenaline, 
acetylcholine, gamma-aminobutyhc add and serotonin. The diffusion and uptake of 
a required ligand after secretion by an infected donor ceU would be beneficial in a 
disorder where the subject's neiflal ceU is defective in the production of such a gene 
product. A cell genetically modified to secrete a neurotrophic factor, such as nerve 

20 growth factor, (NGF), might be used to prevent degeneration of cholinergic neurons 
that might otherwise die without treatment Alternatively, celts be grafted into a 
subject with a disorder of the basal ganglia, such as Parkinson's disease, can be 
modified to contain an exogenous gene encoding L-DOPA, the precursor to 
dopami ne. Parkinson's disease is characterized by a loss of dopamine neurons in the 

25 subetantia-nkjra of the midbrain, which have the basai ganglia as their major target 
organ. 

Other neuronal disorders that can be treated similarly by the method of the invention 
include Alzheimer's tisease, Huntington's disease, neuronal damage due to stroke, 
and damage in the spinal cord. Alzheimer's disease is characterized by degeneration 

30 of the cholinergic neurons of the basal forebrain. The neurotransmitter for these 
neurons is acetylcholine, which is necessary f r their survival- Engraftment of 
cholinergic cells infected with a recombinant retrovirus of the invention containing an 
exogenous gene lor a factor which would, promote survival of these neurons can be 
accomplished by the method of the invention, as described. Following a stroke, there 

35 is selective Iorr nf mite in the CA1 of the hit>DOcamnus as well as cortical cell loss 
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which may underlie cognitive function and memory loss in these patients. Once 
identified molecules responsible for CA1 cefi death can be inhibited by the methods 
of this invention. For example, antisense sequences, or a gene encoding an 
antagonist can be transferred io a neuronal cell and implanted into the hippocampal 
5 region of the brain. 

The rriethod of transferring nudetc acid also contemplates the grafting of neuroblasts 
in combination with other therapeutic procedures useful in the treatment of disorders 
of the CMS. For example, the retroviral infected cells can be co-administ-ered With 
agents such as growth factors, gangliosides, antibiotics, neurotransmitters, n- 
10 eurohormones, toxins, neuhte promoting motectries arid antimetabolites and 
precursors of these molecules such as the precursor of dopamine, L-DOPA. 

- -Further, there are a number of inherited neurologic diseases in which defective genes 
may be replaced "including; lysosomal storage diseases such as those involving fi- 
hexosaminidase or glucocerebrosidase; deficiencies in hypoxanthine phosphoribosyl 
15 transferase activity (the "Lesch-Nyhan" syndrome"); amyloid polyneuropathies 
prealbumin); Duchenne's muscular dystrophy, and retinoblastoma, for example. 

For diseases due to deficiency of a protein product, gene transfer could introduce a 
normal gene into the affected tissues for replacement therapy, as well as to create 
animal models for the disease using antisense mutations. For example, it may be 
20 desirabte to insert a Factor IX encoding nucleic acid into a retrovirus for infection of 
a muscle of liver ceB. 

The following Examples are intended to illustrate, but not to Emit the invention. While 
such Examples are typical of those thai might be used, other procedures known to 
those stalled in the art may alternatively be utilized 

25 EXAMPLES 

The following examples illustrate the three-plasmid tentiviral vector system of the 
invention. A non infectious plasmid provides in trans the structural and regulatory 
proteins of HI V but the envelope {packaging construct pCMVARB). The transducing 
vector contains all known c&<acting sequences of HIV-and cloning sites for the 
30 introduce cfrto pHR). trrthe experiments 

described hereafter, two marker penes (E. coti &-galactosidase -LacZ-, and firefly 
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luciferase -Luctf-), driven by the human Cytomegalovirus immediate earty.enha- 
ncetf promoter -CMV or C- have been cloned in the vector plasmid. thus generating 
pHFTCLacZ and pHR'-Clucif (FIGURE 1). 

A third plasma encodes a heterologous envelope to pseudotype the viral particles, 
5 Pseudotyping both broadens the host range of the vector, and increases its bosafety. 
Three types of ertv-encoding plasmid have been used in the present examples. 
Plasmid pSV-A-MLV-env (Page, el ai., 1990, J. V7ro/_, §4:5270, 1990) encodes the 
amphotropic envelope of the 4070 Moloney Leukemia Virus (MLV/Ampho) under the 

10 envelope of the Moloney Leukemia Virus (MLV/Eco) under the transcriptional control 
of the CMV promoter (N. Somia, Salk Institute, La Jolla, CA). Plasmid pMD.G 
encodes the envelope protein G of the Vescicular Stomatitis Virus (VSV.G) under the 
transcriptional control of the CWIV promoter (D, Ory and R. Mulligan. Whitehead 
Institute, Cambridge, MA). 

i S RepficaforHdefective viral particles produced by the transient co-transfection of 
the three plasmkls in 293T human kidney cells* The conditioned medium was 
harvested, filtered, and assayed for the transduction of the reporter genes into target 
ceils by standard methods- Human HeLa cells and rat 208F fibroblasts were tested 
in different growth conditions, and the dependence of the transduction on the 

20 progression along the cell cycle was evaluated. Growth arrest by density-dependent 
inhibition of growth (GO) was compared with pharmacological or other means of the 
cell cycle arrest (later phases of the cycle). The transduction of nonKfividing, 
terminally differentiated cells such as macrophages and neurons was also tested, 
both in vitro and in vivo. 

25 Example 1 

CONSTRUCTIO N OF cCMVARB 

The packaging pfasmid pCMVDRS was constructed in a series of steps starting from 
the piasmki pRB, an infectious molecular done of proviral HTV DNA. pR8 was made 
by replacing a BamHI-BssHII fragment in the plasmid pR7 (Kim ef a/.. J. Wo/., 
30 63:3708, 1989: von Schwedler et a/.. J. V»oL £7:4945, 1993), which contains the 
HlV-1 HXB2d proviral DNA (Shaw et a/., Science, 225:1 165, 1984) with a tuWength 
nef reading frame, by the homologous fragment from the NL4.3 HtV proviral DNA 
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and vpu reading frames (Adachi & a/., J. Virol., 1986). The backbone of 

p lasmid pR77R8 contains the Amp resistance gene and Die pUC origin of replication 
from plasmid sp65, and the SV40 origin of replication and the gpt gene from plasmid 
pSVgpt An env-oefective version of pR8, pAER8, was made by replacing the 2,7 kbp 

5 Salf-BamHt fragment with the homologous fragment from pAER7, which contains a 
Mlul linker inserted at the Stul site 6831 that fraroeshrfts the env reading frame 
(Trono, et al^ Ce8., 5&113, 1989). A 39 bp interna! deletion in the sequence 
between the 5* splice donor site and the starting codpn of the gag gene, was 
introduced in pAER8 by replacing a 7S7 bp BssHH-Spel fragment with an homologous 

10 758 fragment containing a previously described deletion in the packaging signal 
(Akiovini & Young, J. V*ro^ 64:1920, 1990). The resulting plasmid was called 
pA4>AER8. Plasmid pAA^AERS was constructed by replacing the 3' HtV LTR with 
the potyadenylation site of insulin genomic DNA (Trono, ef at, Cell., 5g:113, 1989) . 
maintaining intact the nef reading frame. It was constructed by PCR, introducing a 

15 unique Mot} site at the junction between the nef reading frame and the pdyA signal 

In a first series of amplification, a 961 bp fragment was amplified with the 
oligonucleotides gp41.4 (s), overlapping the BamHl site in gp41 of HIV1HXB2- and 
nef27 (a) from the pAERB template > and a 402 fcp fragment was amplified with the o- 
ligonudeotides LN-A (s) and LN-B (a) containing an Xbat site - from a DNA template 

20 containing the potyadenytation site of the insulin gene. Oligonucleotides nef27(a) and 
LN*A(s) contain a complementary sequence carrying a Notl restriction site. The two 
amplificates were purified, mixed and used as template for a second amplification with 
the oligonucleotides gp41 .4{s) and LN-B(a) (see Table 1 for oiigo sequences). The 
final 1.3 kbp product was purified, digested with BamHl and Xbal and cloned in the 

25 13.5 kpb BamHl-Xbal fragment of pAU*AER8. Plasmid pCMVA8 was constructed 
substituting the 5 LTR and leader sequences in pAAVV&BW with the CMV promoter, 
A O.B kbp fragment containing the CMV promoter was lifted from the plasmid 
pCMVpA {W.W, Chang, University ofTexas. Nl.D. Anderson Cancer Center, Houston, 
TX) by double digestion with Smsl and Hpal. A Mlul linker was added to the Hpal 

30 ends and the fragment was cloned into the 14.5 kbp BssHtt-Hpal fragment of 
pAAUJAER& One of skin m the art wB be able to kfenHy stnrfar starting plasmids and 
sequences without undue experimentation based on the teachings herein. 
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Tabtel 



OSgpnucteotirie 
$p41.4(s) 

nef 27(a) _ 



MuetectMe semiRnce 

5* 6TGAACGGATCCTTBGCACTATC 3' 

(SEQ 10 N0:1) 

5* CGGGWG^CGCTCAGCAGTTCT 
TGAAGTACTC 3' (SEQ ID NOi) 



10 



LN-B (a) 



gag31 (s) 



15 



5 l CCGGAGTACTTCAAGAACTGCTGA 
GCGGCCGCCCCGGTGACCTTCAGA 
CCTTGGC 3' (SEQ ID N03) 

5' GCGGTCTAGACTAAGAAACCATTATTA 
TCATGAC 3* (SEQ lD NO:4) 

5' AAGACCACCGCACAGCAAGCGGC 
CGCTGACACAGGACACAGCAAT 3' 
(SEQ ID NO:S) 



Example 2 
CONSTRUCTION OF dHR' 



The vector plasmid pHR* was constructed by cloning a fragment of the env gene 
encompassing the RRE (responsive element) and a splice acceptor site between the 
20 two LTR's of the H1V-1 HX82 proviral DNA. The leader and V sequences were 
retained in the construct, together with the S* 0.3 kbp of the gag gene, previously 
shown to constitute an extended packaging signal. A 854 bp env fragment (Bglll 
7620-BamHI 8474) was obtained from pR7. A NoU linker was added to the tHled-in 
BgJH end. The -fragment was cloned into the 8.9 kbp Notl-BamHI fragment of ptesmid 

25 pMAKK^TTR?, a pR7 derivative containing mutations in the gag codons 113, 114, 
and 118 (the last ones introduce a unique Notl cloning site; sequence as in 
oligonucleotide Gag 31 (s)). Ptesmid pHR was obtained. Ptesmid pHR' was generated 
introducing a irsmeshift mutation 42 bpdownstmam the gag gene AUG, which doses 
the reading frame of the gene fragment retained in the construct The mutation was 

30 introduced by opening and «Tmg4n a Ctelsfle. Two unique BamHi and Xhcrt sites are 
available in pHR' upstream of the 3* LTR for cloning inserts. 
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ExampteS 

CONSTRUCTION OF pHR»-CLacZ and pHET-Clucif 

A SalkXhoi 3.6 kbp fragment containing the £ coff p-galactosidase gene under the 
trascripiional control of the CMV/ promoter was obtained from the plasmid pSLX- 

5 CMVLacZ (Scharftrann et a/„ Proc NatL Acad Set. USA, 88:4626, 1991). After 
fBling-in the Sail ends, the fragment was cloned Wo the 8.9 kbp Xho*-8amHi fragment 
of pHR\ whose BamHI «nds had previously been filled-in. pHR'-ClacZ was obtained, 
pHFV-Clurif was obtained replacing a 3.1 kbp BamHWXhoI fragment in pHR'-CL&cZ, 
containing the LacZ riding frame, wfch a 1.7 kbp BamW-Xhol fragment from pGEM- 

10 Juc (Promega) containing the firefly lucfterase reading frame. 

Example 4 
PRODUCTION OF VECTOR PARTICLES 



Repficafion-defecSve viral parades were produced by the transient cotransfection of 
the above-described plasmids in 293T human kidney cells. All plasmids were 
16 transformed andgrowninE CO* HB101 bacteria following standard molecular biology 
procedures. For transfection of eukaryotic cells, plasmid DMA was purified twice by 
equilibrium centrifugation in CsCl-ethidium bromide gradients, A total of 40 pg ONA 
was used for the transfection of a culture in a 1 0 cm dish, in the following proportions; 
1 0 pg pCMVARfi, 20 pg pHR\ and 10 pg env plasmids, either MLViArnpha. MLVSEco 
20 or VSV.G. When a plasmid was omitted, or added in different proportion, pGEW!-LacZ 
was added to maintain constant the total amount of DNA added to the cells. 293T 
cells were grown in DMEM supplemented with 10% fetal calf serum and antibiotics 
ina10%CO^ina±ator> Cells were plated at a densiiy of 1.3*1<A10 cm dish the day 
before transfectiori CuHure medium was changed 4 to 6 hrs before toansfec&on. 
25 Calcium phosphate-DNA complexes were prepared according to the metf jod of Chen 
and Okayama {MoL Ceff. Bhl, 72745, 1987), and incubated overnight with the cells 
in an atmosphere of 5% CQj. The following morning, the medium was replaced, and 
the cultures returned to 10% CQ^. Ccncfitioned medium was harvested 48 to BOhrs 
after transfection, cleaned of celltiar debris by low speed centrifugation (300 x g 10 
30 mtn), and filtered through 0.45 pm low protein binding filters. The conditioned medium 
was either used immediately for infection or kept frozen at - 80°C The content of viral 
particles was monitored by p24 gag antigen ELISA (DuPont). 
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MLV-based vectors were also produced from transient cotransfection in 293T cells 
of the following plasmWs. RasrnkJ pSUC-CWVLacZ (Scharfmann ei aL, Pixtc NaB. 
Acad. Sri. USA, 88:4626, 1 991) is a MLV-derived vector carrying a CMV-driven Ecofi 
jJ-gaiactoskJase gone. The pCL ptosmid series carry a hybrid CMV-LTR promoter 
which allows for CMV-driven transcription in the packaging ceU and reconstitution of 
a functitxiaJ LTR in the target oeB (R. Naviaux.S^ Institute, l^Jote.CAj.Plasnud 
pCLNC-Lucif is a MLV-derived vector carrying a CMV-driven Firefly ludferase gene. 
It was made by doning a 1.7 kbp Hmdlll-Stui fragmertl from pGEM-luc (Promega), 
containing the luciferase reading frame, into the 8 kbp Oal-HindlH fragment of 
pCLNCX, after fOCng-in the Cfal ends. Ptesmid pCL-CCO is a ecet/opic packaging 
plasmid. Rasmid pCMV-GAGPOL (N. Sonrra. Satk Institute, La JoBa. CA) is a semi- 
packaging plasmid carrying a CMV-driven gag-po! gene from MLV. It was used in 
conjunction with pMD.G to package VSV.G-pseudotyped MLV-based vectors. 

Figure 2 shows a comparison between the infectious titers of recombinant lentivirus 
(HIV) construct and an WILV construct assayed on 208F fibroblasts. The results 
indicate that the HIV vector of the present invention is at least as infectious as the 
standard MLV vector. Purified stock indicated that titers after concentrating the 
supernatant by ultracerrtrifugation. Yield reflects percent recovery of virus after 
concentration. 

Figure 3 shows the results of co-transfectbn of a packaging construct env-encoding 
construct and transfer vector (as in Figure 1). Various HTV and MLV-based packaging 
constructs were compared using amphotropic and ecotropic errv genes, as well as 
V5V.G errv. The figure shows a comparison of infection of rat 208F cells with the 
resulting recombinant retroviruses. The tilers for the HTV constructs having an MLV 
(amphotropic) or VSV.G errv were similar to the standard MLV-based vector 
(appro»matery 10 s ). The infectious titer for the HJV-based construct having an MLV 
ecotropic errv was about ICMfotd less than the amphotropic env (appro* 10*). 
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rr>Mr.F ^TpAT>OM OF VP *' , p*PTyTHEff 

Pooled conditioned medium harvested as described above was layered on top of a 
cushion of 20% sucrose solution in PBS and cerrtrifuged in a Beckman SW28 rotor 
at 50.000 x g far 90 mm. The peDet was resuspended by incubation and gente 
pipetting in 1-4 ml PBS for 30-80 min, then centrifuged again at 50;000 x 9 x 90 min 
in a Beekmarw SW55 rotor. The pellet was resuspended in a minimal volume (20-50 
of PBS and either used directly for infection or stored 'm frozen aiiquots at -80'C. 



P ra f1TP < » e 

10 INFECTION OP CULTURED CELLS 

For the infection of cultured cells, serial dilutions of conditioned medium from 293T 
transient transfectants or of concentrated viral stocks were added to the culture 
, medium supplemented with 8 ug/ml potybrene. The ceHs were incubated from 3 hrs 
to overnight, then the medium was replaced, and the cells further incubated for 36 hrs 
15 prior to assaying expression of the transduced gene- Expression of ^Galactosidase 
(P-Oal) was scored by fixing the cultures 5 min in cold 2% torroaldehyde/0-2% 
glutaraidehyde in PBS, washing twice with PBS, and staining with 1 mg/ml X-gal in 
PBS containing 5 mM each of K feni- and ferro-cyanicte and 2 mM MgClj. for 4 hrs 
to overnight at 37°C. Titers were calculated counting the number of inolvidual foci of 
20 blue cells per well, and multiplying it by the volume of vector stock added and the 
dilution factor. Expression of luciferase was assayed by washing the cultures twice 
with TBS and extracting the cells with 200 uVwell 0.5% NP40 in TBS containing 5 mM 
MgClj. The extract was cleared by centrifugabon at 1.5,000 x g for 10 min. 50 ui of 
extract were diluted with 150 ui of 75 mMTris-HC»pH=7.8, 15 mM Mg acetate and 
25 4 mM ATP. and assayed for luminescence in a lurninorneter which added 100 ui of 
1 rnM luciferin. 

Human HeLa cells (ATCC) were grown in RPM1 1640-10% fetal calf serum in an 
atmosphere of 5% CO* For infection of dividing cultures, cells were seeded at a 
density of 1.6 x HJVweH in a f>weli tray the day before infection. GVS arrested 
30 cultures were prepared seeding 2 x 10 s cells/well two days before infection, and 
adding 15 ug/ml aphidicolin 24 hrs before infection. Aphidicolin was added daily to 
the medium throughout the infection and post-infection time, as described. G2- 
arrested cells were prepared by exposing the cells for 20 min to a "Co source 
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callbrated at 200 rad/min one day before infection and seeding the ceils at 4 x 
lOVwell. Ceil cycle arrest at the indicating stage of the cycle was confirmed by 
propidium iodide staining and flow cytometry. 

Figure 4 shows the relative efficiency of transduction of CMV-(J-Gal into HeLa cells, 
s The cells were growth arrested using either pharniacdogteal means (aphidicofin) or 
x-irradisW The infection rate for the Hrv4>ased vector was more ef 
were arrested at the G1/S interphase by aphidicoBn, however, the HlNttjased vector 
was more efficient than MLV-based vector overall. 

Rat 208F fibroblasts (a gift of 8. Sefton, Salk Institute, La Jglla, CA) were grown in 
10 DMEM-10% calf serum in an atmosphere of 10% CO,. For infection of growing 

cultures, cells were seeded ata density of 10 8 cells/well in a 6-v«ll tray the day before 
infection. Growth-arrested cultures were prepared by seeding 2.5 x 1 0 B celte/well in 
a 6-well tissue culture tray, and shifting the cultures to medium containing 5% calf 
serum and 2 pWl dexamethazone after they reached confluence, as described by 
1S Miller et a/. ( MoJ. Ceft Bfof.. 10-.<239, 1990). Medium was changed every three-four 
days, and the cultures were kept for two to four weeks. When not otherwise indicated, 
G 0 cultures were used 3 weeks after reaching confluence. Growth arrest was 
documented by propidium iodide staining and flow cytometry. The fraction of cetts m 
S-phase was 40 to 50% in growing cells, and from 10 down to 2% after reaching 
20 confluence, depending on the time past it- For rescue experiments, infected G 0 
cultures were trypsinized at the indicated time after infection, and the cells reptated 
at several dilutions. Expression of fi-Gal was scored 48 hrs from replating. 

Figure 5 shows the relative efficiency of transduction of CMV-Jutfersse into rat20BF 
fibroblasts with the HIV- and MLV-based vectors in ceBs growth arrested for 4, 7 , 1 1 
25 or 15 days. The result* show that me vectors b^ 

efficiency of transduction of the HIV-based vector versus the MLV-based vector was 
approximately 4-10 fold higher, depending on the length of time of the growth arrest 

Human peripheral blood monocytes were prepared from the buffy coats of healthy 
donors as previously d scribed (von Schwedler ef a/., Proe. Natl. Acad. Set USA, 
30 £1:6992. 1994). Moncc^te-c^rived macrophages were cultured in RPM1-10% human 
serum (Sigma) for two to four weeks prior to infection. Figure 6 shows the results of 
transduction of CMV-luciferase into human primaiy macrophages using the HIV- 
i ^ *m \/_k-~ d h uortnic. *Hher wfth or without an envelope. The MLV-based 
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vector was almost completely ineffective in infecting the cells and was similar in 
infectivity to the non-enveloped vims, la contrast, the HlV-based vector was highly 
efficient in transducing primary macrophages. 

Further, the survival of the HIV-based vector was assessed in growth arrested cells 
5 that were passaged over a period of 2-8 days. Survival of toe MLV-based vector was 
very low in ceils at GO and after replacing at 2, 4, and 8 days. However, the HIV-based 
vector maintained at about 45-50% infectivity in the same cells. While not wanting to 
be bound by a particular theory, it is believed that HIV can remain extrachromosomal 
without being degraded, unlike MLV. Therefore, HIV is stable without integration. 

10 Example 7 

INFECTION in vivo 

For in vhro experiments, HIV-based and MLV-based vectors carrying a CMV-LacZ 
marker gene were used Both vector types were pseudotyped with VSV.G envelope 
proteins. Vectors were purified and concentrated to a titer of 3 x 1fft .LUmt in a vehicle 
15 of sterile PBS supplemented with 2 pg/ml potybrene. All procedures were performed 
according to institution-approved protocols for animal work, and in a biosafety tevet 
3 (BSL3) environment. Normal adult female Fischer rats were anesthetized with a 
mixture of ketamine (44 mgVkg), scepromazine (075 mg/kg) and xyiozine (4 mg/kg) 
hi 0.9% NaCJ. 2*il of viral suspension were slowly injected in the corpus striatum of 
20 both sides of the brain with a stereotactics!, guide using a 5 pi Hamilton syringe with 
a 26 gauge beveled needle. 7 days after injection the rats were deeply anesthetized 
and perfused with 4% fomnaidehyde/D.1% glutaraldehyde. The brains were removed 
and free-floating coronal freezing microtome sections (40 pm) were processed in 
parallel series of one section out of every five cut One series was processed for p- 
25 Gal immunocytochemisbry with a monoclonal antibody and stained with avkfin/btotin 
peroxidase and diaminobenzidine/NiC^as substrate. Another series was processed 
for triple immunofluorescence with (J-Gal (rabbit). NeuN (monodonal), and GFAP 
(guinea pig) antibodies using RTC-, Texas Red-, or Cy5-labeled secondary 
antibodies. NeuN is a nuclear marker reported, to be present in terminally 
30 differentiated neurons (Mullen, Oevetep,, 116:201 . 1992). Glial fibrillar acidic protein 
(GFAP) is a astrocyte differentiation marker. The sections were then analyzed by 
corrfbcal scanning laser microscopy (tioRad MRTC60Q). Immunofluorescent signals 
were collected, digitally color enhanced and superimposed. False color images were 

generated electronically usino Adobe Phntnshrm /Adobe Sv«stem \nr \ 
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The results revealed numerous fi-gal positive neurons in regions injected with the 
HI\Abased vector, but not in those inoculated with the MLV-tased vector. 

SUMMARY 

The results incficated-the feasibffity of gene transfer using a tentiviral vector. Using 
5 growing cells, the transduction efficiency obtained with a three-ptasmid, transient 
packaging system was comparable to that obtained with similarly assembled, 
conventional (MLV-based) retroviral vectors, in sharp contrast with MLV-based 
vectors, the lentivsrai vector was capable of efficient gene transfer in the absence of 
dfrision of the target ceH_ Efficiency of transduction into non-tfividtng cetis in vitro was 
10 dependent on the stage of cell cyde arrest Infection of G1/S and G2 arrested cells 

was as efficient as that observed with growing cells. Infection of cells arrested in Go 
i n vft ro was less effic ient, the lesser the longer the cufferes had been in G^- However, 
in long-term Gq cultures the vector survived as a stable intermediate, and it could be 
rescued to complete its infectious cycle by stimulation of the ceBs to divide. 
15 Transduction of the marker gene into terminally differentiated cells, such as human 
primary macrophages in vitm and rat cerebral neurons in vivo, was observed. 

Although the invention has been described with reference to the presently preferred 
embodiment, H should be understood that various modifications can be made without 
departing from the spirit of the invention. Accordingly, the invention ts limited only by 
20 the following claims. 
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What is claimed is: 

1 , A recombinant retrovirus capable of infecting a non-dividing cell comprising: 
a viral GAG; 
a viral POL; 
a viral ENV; 

a heterologous nuctec acid sequence operaWy inked to a regulatory 
nudeic add sequence: and 

as-acting nudeic add sequences necessary for reverse transcription 
and integration . 

2. The retrovirus of claim 1 1 wherein the virus is a tentivirus- 

3. The retrovirus of daim 2, wherein the lentivirus is human immunodefidency 
virus (HIV). 

4. The retrovirus of claim 1, wherein the ENV is selected from the group 
consisting of Moloney leukemia virus (MLV) and Vesicular stomatitis virus 
(VSV) ENV. 

5. The retrovirus of daim 1 , wherein the ENV is amphotropic. 

6. The retrovirus of daim 1. wherein the BW is ecotropic. 

7. The retrovirus of claim 1 « further comprising a viral protein selected from the 
group consisting of VPR, VlF. NEF, VPX, TAT, REV, and VPU, 

8. The retrovirus of daim 1, wherein the non-<JTViding cell is selected from the 
group consisting of a neuron, musde, heart, lung, liver, skin, and bone 
marrow celL 

9. The retrovirus of daim 1, wherein the regulatory nucleic add sequence is a 
promot r or an enhancer. 



10. 



The retrovirus of daim 9, wherein the promoter is a viral promoter. 
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11. A method of producing a recombinant retrovirus capable of infecting a non- 
dividing cell, said method comprising: 

iransfecting a suitable packagroj host cell with the foflowmg: 

a vector providing a nucleic acid encoding a viral gag and a 
viral pot*/ 

a vector providing a nucleic add encoding a viral env; 
a vector providing a noctetc acid sequence encoting a 
packaging signal flanked by as-acting nucleic add sequences 
for rever&e transcription and integration, and a doning site for 
introduction of a heterologous rwdeic acid sequence, operate 
linked to a regulatory nucleic add sequence; and 
recovering the recombinant virus. 

12. Th e method o f clai m 11, w herei n the viru s is a ten thrirus. 

13. The method of daim 12, wherein the lenfivirus te human immunodeficiency 
virus (HIV). 

14. The method of claim 1 1 , wherein the transfectmg further indudes at least one 
vector providing a nudetc add sequence selected from the group consisting 
of vpr, vif , net, vpx, tat, rev, and vpa 

15 A recombinant retrovirus produced by the method of claim 11. 

16. A method for introduction and expression of a heterologous nudeic acid 
sequence in a non-dividing cell comprising infecting the non-dividing cell with 
the recombinant virus of dacm 1 and expressing the heterologous nucleic acid 
sequence in the non-dividing cett. 

17. The method of claim 16, wherein the heterologous nudeic add is an 
anttsense nucleic add. 

18. The method of claim 16, wherein the heterologous nudeic add is a Wotogkal 
modifier nudeic add. 
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19. The method of claim 16, wherein the non-dividing cell is selected from the 
group consisting of a neuron* muscle, Rver, skin, heart, lung, and bone 
marrow celL 

20. The method of claim 18, wherein the introduction is ex vivo. 

21 . The method of claim 16, wherein the introduction ite in wvo. 



22. The method of claim 16, wherein the Vitus is a tentivirus. 
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